
UNCLASSIFIED

AD 402! 639

DEFENSE DOCUMENTATION CENTER
FOR

SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION, ALEXANDRIA. VIRGINIA

I__ _ _ __._ _ _

2 UNCLASS.I[FIED



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that my in any way be related
thereto.



THE DEVELOPMENT OF A LOW-WORK-FUNCTION COLLECTOR
FOR THERMIONIC ENERGY CONVERTERS

tAuthors: Approved by:

W. B. Hall , F. G. Block
R. J. Hill f i*J. L. Stra~ub,II
J, J. O'Grady

RADIO CORPORATION OFAMERICA
Electron Tube Division
Lancaster, Pennsylvania

u-, Second Bi-Monthly Status Report

C,
Sz Period Covered:

15 February 1963 through 15 April 1963

Contra.ct NONR 4012(00)-FBM

in

firlt•.q 
1 

963

Prepared For: L '-- ]

DEPARTMENT OF THE NAVY A
Office of Naval Research

Washington 25, D. C.



SECOND BI- MONTHLY STATUS REPORT
CONTRACT NONR 4012(00)-FBM

THE DEVELOPMENT OF A
LOW- WORK- FUNCTION COLLECTOR

FOR THERMIONIC ENERGY CONVERTERS

SECTION I

PURPOSE

The effort under the subject program will be directed to the achieve-

ment of a. !'low - work- function collector" for converters operating in

the "Ball-of-Fire" mode of the low-voltage a.rc. Changes in work

function will be determined by comparative measurement in a.ctua~l

operation of converters under identically controlled conditions. Three

approaches will be investigated: (1) the development of a material or

surface which, when partially coated with cesium, gives a. low-work-

function, (2) the development of a. low-work-function surface which is

kept free of cesium, and (3) the addition of gas additives which, in

conjunction with cesium on the base material, produces a. low-work-

function.

26 April 1963



SECTION II

DETAILED FACTUAL DATA

A. General

The effort under the subject contract has progressed in a.ccordance with

the program outlined in the first report.

B. Detailed Program

The design of all the components has been completed and all parts or-

dered. Most of the items have been received and fabrication has started.

The feasibility of using a long bellows for a, flexible coupling was dem-

onstrated using a mock-up assembly.

The main design problems include the development of an emitter capable

of working in the 1200-1400' Centigrade range with stability and reli-

ability and having a low temperature variation across its diameter. It

is also important to be able to outga.s and "age" the emitter at tempera,-

tures higher than 1200-14000 Centigrade operating range, preferably up

to 18000 Centigrade. In order to process an emitter for these proper-

ties electron bombardment heating and conduction heating are being

evaluated. The electron bombardment method is capable of reaching

the high outga~ssing temperature, but may present problems of poor ra-

dial temperature distribution. In conjunction with the electron bombard-

ment design, a, conduction-heated emitter has been designed and a. test

model constructed. This conduction-heated emitter consisted of a heater

of photoetched 0. 002-inch thick, rhenium sheet, sandwiched between two

thin sheets of high temperature ceramic. The sandwich was pressed in-

to a recess in the back of the emitter and held in place by a. molybdenum

disc. Preliminary tests of this design show that at 14500 Centigrade
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there is very little variation in temperature across the emitter surface.

The top working temperature of this device is limited by the melting point

of the ceramic; which is in excess of the 18000 Centigrade level desired.

The first approach, a.s outlined in Section I of this report, will be the in-

vestigation of the physical nature of a. collector material and its relation

-to minimum work function. Collectors will be constructed of single crys-

tal, ultra-pure polycrystalline, and matrix materials. Tungsten ha.s been

chosen for the initial test because of its availability in the three desired

forms.

In conjunction with this investigation, additional collectors are being

fabricated employing the following materials:

(a) Nickel, in pure and commercial grades

(b) Niobium

(c) Tantalum

(d) Molybdenum

(e) Stainless Steel - Type 304

(f) Rhenium
a.s matrix on a. molybdenum base(g) Iridium

The first test will indicate the optimum material form to be used: for

best performance. Subsequent tests will determine the best material

for use in a collector.

The cesium distillation system has been modified to incorporate a liquid

nitrogen cold finger. This modification will achieve an increased puri-
1

fication of the cesium following the method of Herold, by the removal

of hydrogen. It will also facilitate electron bombardment outgassing of

collectors, and evaporation of material onto collectors, without the com-

plete removal of cesium from the system.

1 Herold, Annales de Chemie, Ser. 12, 6, 33 (1951).
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SECTION III

PROGRAM FOR NEXT REPORT PERIOD

The effort during the next report period will include the following items:

(a) Assembly of parts and completion of the test vehicle.

(b) Evaluation of electron bombardment and directly-heated emitters.

(c) Test of circuit for monitoring characteristic curves a.s compared with

prior experience.

(d) Assembly and check-out of RCA-owned vacuum system.

(e) Development of methods of fabrication of matrix collectors employing

rhenium and iridium on a. molybdenum base.
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